Objective: To investigate the construct, concurrent and predictive validity of stage of change measures for physical activity (PA), and intakes of fruit and vegetables (FVs), dietary fiber (FB) and dietary fat (DF) among a sample of overweight women. 
Introduction
The Transtheoretical Model of health behavior change is a multiple construct framework for understanding health behavior and promoting behavior change. 1 The model postulates that people change behavior as they progress through five stages: precontemplation, contemplation, preparation, action and maintenance. An individual is classified into a stage based on their current behavior and readiness to change that behavior. 2 Stages of change have been used as a surveillance tool for populations and population segments to determine estimates and changes in motivational readiness. 3 For example, stage of change may be used to compare subjects' readiness to change a specific behavior, 4,5 their readiness across multiple behaviors 6 and/or their longitudinal shifts in readiness to change. [7] [8] [9] [10] The stage of change construct can facilitate tailoring of interventions by matching intervention strategies to individuals' motivational readiness. 11 For instance, a stage-matched intervention for at-risk participants (either overweight and sedentary or active smoker) was superior to a nonstage-matched intervention in increasing the odds of becoming more physically active, decreasing dietary fat (DF) intake or quitting smoking. 12 Stage of change for a single behavior such as physical activity (PA) can be incorporated across a number of studies as a common measure of motivation and behavior, 3, 13 or several staging measures for different behaviors can be used in multiple-risk behavior and weight loss interventions. [14] [15] [16] Few studies have tested the measurement validity of PA and dietary behavior staging measures for use in overweight adults, who are the focus of increasing study. 17 Validity evidence for stage of change measures is often based solely upon comparisons to other self-report measures of behavior. [18] [19] [20] [21] One study reported using psychosocial constructs (for example, self-efficacy, decisional balance) hypothesized to be related to the stages of change to test concurrent validity for moderate PA in overweight adults. 22 The present study investigated the validity of four staging measures in a target population of overweight and obese women enrolled in a weight loss intervention program. The staging measures included four algorithms assessing readiness to change PA, and intakes of fruit and vegetables (FVs), dietary fiber (FB) and DF. It was hypothesized that each staging measure would be related to its corresponding behavior (providing evidence for concurrent and predictive validity) and to related psychosocial measures of self-efficacy and the pros and cons of change (providing evidence for construct validity). , being age 18-55, able to engage in moderate PA, able to speak and read English and have access to the Internet. Thirty-seven primary care providers at seven clinic sites sent letters to women within the eligible age range informing them they may be contacted to participate in a research study. Women had the option to return a postcard indicating they did not want to be contacted about the study. Over a 6-month period, trained recruiters attempted to contact 1726 women over telephone. Of the attempted contacts, 675 women were not eligible to participate, 247 women were eligible but declined to participate and eligibility was not determined for 392 women. A total of 401 women enrolled in the study and 287 women completed the 12-month measurement visit. Loss to follow-up was not significantly related to group or demographic characteristics. All study procedures were approved by university and clinic institutional review boards.
Methods

Participants
The mean age of the sample was 41 years (s. The criteria used to classify a participant into at least the action stage of change for each behavior were based on health guidelines in place at the time the study began.
25 Table 1 presents the criteria used in each staging measure to classify an individual into at least the action stage of change. All questions were asked in reference to PA or dietary intake over the previous 7 days. To be placed in at least the action stage of change for PA, the subject had to respond affirmatively to a single item inquiring whether she engaged in moderate PA for at least 30 min on at least 5 days per week. Fruit and vegetable stage was assessed with a single item asking if the subject consumed at least five servings of FVs per day, and an affirmative response placed the participant into at least the action stage of change. Although PA and FV intake were determined from single items, FB and DF intakes were based on multiple items and an estimated number of servings were computed. The FB criterion was determined from seven questions about frequency of consuming highfiber foods (see Table 1 ). Five response options were weighted as 0 ¼ 'never', 1 ¼ 'rarely', 2 ¼ 'some of the time', 15 ¼ 'most of the time' and 16 'always'. A summated score of at least 75, the equivalent of choosing 5 of the 7 items 'most of the time', was the criteria for being in at least the action stage of change. The DF criterion was determined from subject's selfreported consumption of 26 high-fat foods and cooking products (for example, margarine, butter, oil). The nine weighted response options ranged from 0 ¼ 'never' to 14 ¼ 'two or more per day.' A score of no more than 35 servings per week or 5 servings per day placed participants into at least the action stage of change. Calculation of the FB and DF servings scores was conducted in real-time using JavaScript during the computer administration of the surveys. counts at 1-min intervals. The Actigraph has been shown to be valid for quantifying activity levels in laboratory and field settings. 26, 27 Data from the monitors were considered valid if the monitor was worn for at least 3 of the 7 days and for at least 10 h each day. A monitored hour was not considered valid if the number of consecutive minutes of 0 counts exceeded 30 min. Acceleration counts were translated into minutes of moderate and vigorous PA using accepted cut points of 1952 and 5725, respectively.
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The Fred Hutchinson Cancer Research Center Food Frequency Questionnaire (FFQ) was used to estimate daily FV servings, fiber grams per day and percent energy intake from fat per day (kcal per day). This FFQ has yielded nutrient estimates similar to those of 4-day food records and shortterm dietary recalls and has been useful in deriving estimates of total fruit, vegetable, fiber and DF intake. 29, 30 Women reported about foods eaten in the past month by indicating the frequency and portion size of 122 foods and beverages. Frequency responses ranged from 'never or less than once per month' to 'two or more times per day' for foods and up to 'six or more times per day' for beverages. Decisional balance comprises two constructs called the 'pros' and 'cons' of behavior change that address cognitive and motivational aspects of human decision-making. 31 For the current study, pros and cons of PA, FV consumption, FB intake and eating high-fat foods were adapted from previously developed inventories. 32, 33 Scale items assessed what women may perceive as positive and negative aspects of changing consumption of fruits, vegetables, fiber (for example, 'fresh FVs are too expensive' and 'eating high-fiber foods fills me up so I do not overeat'), high-fat foods (for example, 'I feel sluggish and heavy when I eat high-fat foods') and engaging in regular PA (for example, 'I would look better if I did regular PA'). Participants rated the importance of each item on a 5-point Likert scale ranging from 1 'not at all important' to 5 'extremely important'.
Self-efficacy refers to one's confidence about their ability to perform a behavior. 34 Self-efficacy to change dietary intake was assessed by a six-item FV scale, eight-item fiber scale and a five-item DF to assess confidence to increase daily consumption of FVs and fiber (for example, 'How confident are you that you can choose foods that are high in fiber when at a social event?'), and decrease daily consumption of DF, respectively. A six-item scale assessed the women's confidence to engage in PA. All scales were adapted from previous self-efficacy scales for eating and PA behaviors. 32, 33, 35 Participants responded to each item on a 5-point Likert scale ranging from 1 'not at all confident' to 5 'extremely confident'.
Procedure
The data analyzed in the present study were collected during the baseline and 12-month measurement visits of the intervention trial. All measures were completed as part of a computer-based assessment battery. Participants completed the measures in 30-40 min. The Actigraph accelerometer was worn for 1 week after completing the assessments and returned by mail. Valid accelerometer data were available for 309 women at baseline and 221 women at 12 months.
Analyses
Pros, cons and self-efficacy scale scores were computed by averaging values for items pertaining to each scale. The distributional properties of the summated scale scores were examined and coefficient a-tests of internal consistency were determined for each scale. Scales scores were transformed and displayed as T-scores (mean ¼ 50, s.d. ¼ 10) in order to place the scales on a common metric and ease comparisons by stages of change. Purposeful physical activity was defined for study participants as 'planned in advance and involves continues movement in which your heart beats faster and your breathing is heavier'; study conducted in San Diego, CA, 2003 CA, -2004 Validating
To investigate the validity of the staging measures, a series of analyses of variance (ANOVAs) were specified with stage of change as the independent variable and a criterion measure as the dependent variable. Tukey's honestly significant difference post hoc tests determined significant differences between stages following a statistically significant omnibus ANOVA test. Z 2 -Values provided effect size estimates for each test with values interpreted as small (0.01), medium (0.06) and large (0.14) based on guidelines defined by Cohen. 36 To test the predictive validity of the staging measures ANOVA models were specified to include the independent variables treatment group (treatment, control), baseline stage of change and the treatment by baseline by stage of change interaction. The dependent variable for reach model was behavior measured at 12 months. Predictive validity tests included only participants who completed assessments at 12 months.
Analyses were conducted using SPSS version 15.0. All statistical tests were two-tailed. P-values were adjusted for conducting multiple statistical validity tests through a Bonferroni correction. Specifically, PA, FV and DF stage of change measures' P-values were divided by five and FB was divided by four, as five and four represent the total number of estimates of the behaviors of interest and related psychosocial constructs that were tested for PA, FV, DF and FB, respectively. The correction yielded new a-levels of Po0.01 for PA, FV and DF and Po0.0125 for FB. Predictive validity tests were considered statistically significant at Po0.05. Stages of change categories were collapsed when the number of participants in at least one stage was below 20. This resulted in combining the action and maintenance stages for the PA (action, n ¼ 16; maintenance, n ¼ 33), FVs (action, n ¼ 4; Maintenance, n ¼ 27) and FB(action, n ¼ 9; maintenance, n ¼ 35) staging measures and combining the precontemplation (n ¼ 10) and contemplation (n ¼ 74) stages for the DF staging measure. Table 3 presents the proportion of women in each stage of change, the means and standard deviations of each validating variable by stage of change, and the summary statistics from the ANOVA and post hoc tests. Nearly 88% of the women were classified into the pre-action stages of change (precontemplation, contemplation and preparation) for PA. Levels of moderate and vigorous activity varied by stage with women in the action-maintenance stage engaged in more moderate and vigorous PA than those did in all other stages. The pros and cons of PA demonstrated the expected pattern across the stages of change with the pros generally increasing and the cons decreasing from precontemplation to actionmaintenance. Self-efficacy generally increased with each increase in stage of change. All five concurrent validity tests were statistically significant (Po0.01 with the Bonferroni correction) with effect sizes ranging from medium to large.
Results
Almost all the women (92%) were in one of the first three stages of change for FV consumption, with over 50% of women classified into the preparation stage of change. Women in the pre-action stages consumed about one daily serving of fruit and about two daily servings of vegetables compared to women in the action and maintenance stage who consumed about three and four daily servings of FVs respectively. The pros of change differed by one standard deviation (39.2-49.4) between the precontemplation and contemplation stages, whereas the cons of change score was over half a standard deviation lower for the action and maintenance stage compared to the pre-action stages. Self-efficacy increased monotonically by stage of change. All five concurrent validity tests for the FV staging measure were statistically significant (Po0.01 with the Bonferroni correction) with effect sizes ranging from small-medium to large. 
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Stage of change for FB had a similar pattern of results as FV consumption, with 89% of the women in the first three stages of change and 48% of women in the preparation stage. Women in the action-maintenance stage consumed more fiber than women in the pre-action stages. The pros increased from precontemplation to contemplation whereas the cons decreased between pre-action and the actionmaintenance stage. Self-efficacy increased monotonically by stage of change. All five validity tests for the FB staging measure were statistically significant (Po0.0125 with the Bonferroni correction) with effect sizes ranging from small to medium.
In contrast to the other stage of change measures, for the DF staging measure, the precontemplation and contemplation stages were collapsed into one group comprising 21% of the women. Nearly 56% of women were classified into the action or maintenance stage of change for DF. Percent of energy intake from fat was lower in the action and maintenance stages compared to the pre-action stages and this relationship had a large effect size. The pros of eating high-fat foods were lower in maintenance stage compared to the pre-action stages. Neither the cons of eating high-fat foods nor self-efficacy differed by DF stage of change.
All four staging algorithms demonstrated predictive validity with baseline stage of change related to behavior outcomes 1-year later (Table 4) . Effect sizes for these relationships ranged from 0.04 to 0.126. These ANOVA models included treatment group and the treatment group by stage of change interaction providing adjusted effects of baseline stage of change predicting behavior estimates at 12 Validating measures for overweight women AH Robinson et al months. For the FV and DF models, treatment group had a significant effect on behavior. However, there were no significant interactions of treatment group and baseline stage indicating no differential prediction of behavior at 12 months by treatment group.
Discussion
This study assessed the construct, concurrent and predictive validity of four stages of change measures. The stage measures determined motivational readiness to make behavior changes for PA, and intake of FVs, FB and DF. Strong evidence for validity was found for three of the staging measures (that is, PA, and intakes of FVs and FB), whereas limited validity was found for the DF stage of change measure. Validating variables included both estimates of the target behavior and psychosocial constructs hypothesized to be related to stage of change, similar to a recent construct validity study on PA stage of change measures. 37 Such an approach not only allowed for tests of hypothesized stage differences at several points among the five stages, but also tests differences in behavior between pre-action stages and the action and maintenance stages, which has often served as the point of between-group comparisons in previous studies. [38] [39] [40] The distribution of individuals across stages of change for a health behavior varies by the nature of the population. Broad population-wide surveillance derived from proactive (for example, random digit dialing), sampling methods can provide estimates of the proportion who have reached a health behavior recommendation and proportion who could benefit by changing, and also their level of motivation to change. 41, 42 A very different distribution of individuals among stages would be found from a sample who signs-up for an intervention program. These individuals will likely report being in the preparation stage of change as they are motivated to make changes on some aspect of their life. However, in an area such as weight management in which multiple diet and activity lifestyle changes are needed to produce and sustain weight change, individuals may be more motivated to change some behaviors than others. Identifying stage of change on multiple behaviors can help clinicians and others developing interventions to determine which behaviors an individuals should target for change at various points in the intervention. Although the present study was part of a larger weight loss intervention trial, participants who joined the study were expected to be ready to change their behaviors soon. However, this pattern was notably different for DF intake where the majority of the women were in the maintenance stage of change. The reason for the large percent of women in maintenance for DF may be attributable to subjects' misperceptions and consequently, underestimation of their DF intake. Another reason may be the discrepancy in the DF staging measure between the staging criteria (that is, five servings of high-fat foods) and the health recommendation it was based on (that is, eat o30% of energy intake from total fat). Previous research on DF stage measures has yielded mixed results. 43, 44 One study noted discrepancy between DF stage of change measure classification results when two methods of classifying stage of change, self-reported intake versus food-frequency questionnaire estimation, were compared. 45 To improve validity outcomes, Horwath 46 recommended DF stage measures inquire about clear dietary behaviors (for example, similar to 'five servings of FVs daily') rather than a general nutritional outcome (that is, intake no more than 30% calories from DF). The authors acknowledge that there is little evidence valid for the present study's DF stage of change measure and therefore do not recommend it for use or further validation studies. Instead, interested readers are referred to the DF staging measure validated by Greene et al.
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There are several strengths of this study including a large sample size, the use of validating variables that were estimates of the behaviors of interest and related psychosocial constructs (for example, pros and cons), and the assessment of various forms of validity including construct, concurrent and predictive validity. The use of a longitudinal design is a study strong point as it provided an opportunity to examine predictive validity. This study also employed an objective measure of PA. Another strength was that the staging algorithms are based on the most recent health guidelines issued by the United States Department of Health and Human Services 25 for health and weight management.
This study investigated the construct validity of four stages of change measures (one PA and three dietary intake measures) and found strong concurrent validity evidence for three staging measures and predictive validity for all four measures. These staging measures can facilitate the standardization of PA, FV, FB and DF stage of change assessment in descriptive and intervention studies, and may be helpful in determining motivational readiness on a population basis. 41, 42 Using common valid staging measures can facilitate cross-study comparisons, where assorted staging algorithms previously made such comparisons difficult and often inappropriate. 47 
